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Abstract. We present a one-loop calculation of the oblique S parameter within Higgsless models 
of electroweak symmetry breaking. We have used a general effective Lagrangian with at most 
two derivatives, implementing the chiral symmetry breaking SU(2)l®SU(2)r — > SU(2)l + r with 
Goldstones, gauge bosons and one multiplet of vector and axial-vector resonances. The estimation 
is based on the short-distance constraints and the dispersive approach proposed by Peskin and 
Takeuchi. 
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INTRODUCTION 

The Standard Model (SM) provides an extremely successful description of the elec- 
troweak and strong interactions. A key feature of this theoretical framework is the par- 
ticular mechanism adopted to break the electroweak gauge symmetry SU (2)l X U ( 1 )y to 
the electromagnetic subgroup £/(1)qed> so that the W and Z bosons become massive [1]. 

The SM implements the Electroweak Symmetry Breaking (EWSB) through an 
SU (2)l doublet of complex scalars <&(x) and a potential with non-trivial minima. The 
vacuum expectation value of the scalar doublet generates the needed spontaneous 
symmetry breaking, giving rise to three Goldstone bosons which, in the unitary gauge, 
become the longitudinal polarizations of the gauge bosons. Since <t>(x) contains four 
real fields, one massive neutral scalar survives in the physical spectrum: the Higgs 
boson. 

The LHC has just discovered a new particle around 125 GeV [2], which could be 
the SM Higgs. If this particle is not the SM Higgs (it could be a non standard one or a 
resonance of spin or 2), we should look for alternative mechanisms of mass generation, 
satisfying the many experimental constraints which the SM has successfully fulfilled so 
far. 

In the limit where the U(l)y coupling g' is neglected, the scalar sector of the SM 
Lagrangian is invariant under global SU (2)l<S)SU (2)r transformations. Taking now the 
limit of a heavy Higgs [3], one recovers the universal model-independent lowest-order 
Goldstone Lagrangian associated with the symmetry breaking SU(2)l® SU(2)r — > 
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SU (2)l+r. In Quantum Chromodynamics (QCD) this Lagrangian describes the dynam- 
ics of pions at &{p 2 ) (two derivatives) in terms of f K , the pion decay constant. The same 
Lagrangian with f n — > v = 246 GeV describes the Goldstone boson dynamics associated 
with the EWSB. 

In strongly-coupled models the gauge symmetry is dynamically broken by means of 
some non-perturbative interaction. Usually, theories of this kind do not contain any fun- 
damental Higgs, bringing instead resonances of different types as happens in QCD [4]. 
Technicolor [5], the most studied strongly-coupled model, introduces an asymptotically- 
free QCD replica at TeV energies which breaks the symmetry in a similar way as chiral 
symmetry in QCD, appearing a tower of heavy resonances. 

In Ref. [6] we have reanalyzed the oblique S parameter [7] on strongly-coupled mod- 
els. We have performed a one-loop calculation of this important quantity within an effec- 
tive theory including the electroweak Goldstones and resonance fields. The theoretical 
framework is completely analogous to the Resonance Chiral Theory (RChT) description 
of QCD at GeV energies [8]. We have made use of the procedure developed to compute 
the low-energy constants of Chiral Perturbation Theory (ChPT) at the next-to-leading 
order (NLO) through a matching with R^T [9, 10]. The estimation of S in strongly- 
coupled electroweak models is equivalent to the calculation of L\q in ChPT [10]. 

Several one-loop estimates of the electroweak S and T parameters in Higgless models 
have appeared recently [11]. In this work, and following the dispersive approach sug- 
gested in [7], we have not used any cut-off and a more general Lagrangian has been 
considered. A crucial ingredient of this approach is the assumed high-energy behaviour 
of the relevant Green functions. 



In Ref. [6] we have concentrated on the S parameter, for which a useful dispersive 
representation was introduced by Peskin and Takeuchi[7]. The convergence of this 
dispersion relation requires a vanishing spectral function at short distances. 

We have considered an effective framework containing the SM gauge bosons coupled 
to the electroweak Goldstones and the lightest vector and axial- vector resonances, which 
can induce sizeable corrections to S. We have only assumed the SM pattern of EWSB, 
i.e. the theory is symmetric under SU (2)l®SU (2) r and becomes spontaneously broken 
to the diagonal subgroup SU (2) l + r. The Lagrangian can be found in Ref. [6] and the 
two-particle spectral functions are determined in terms of seven resonance parameters. 

The tree-level contributions to the gauge-boson vacuum polarization 1130(5) lead to 
the well-known leading-order (LO) result which determines the S parameter at LO [7]: 



As it has been explained, the NLO contribution is most efficiently obtained through a 
dispersive calculation. We have considered two-particle cuts with two Goldstones or one 
Goldstone plus one massive resonance, either vector or axial- vector. The explicit results 
for the different spectral functions are given in Ref. [6]. The total NLO result, including 



THE CALCULATION 




(1) 



the tree-level exchanges, and the S parameter can be written in the form [6, 10] 
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where and M r R are "renormalized" couplings which properly define the resonance 
poles at the one-loop level. 

The number of unknown couplings can be reduced using short-distance information: 

1 . Weinberg sum rules. Since we have assumed that weak isospin and parity are good 
symmetries of the strong dynamics, the correlator 1130(5) can be written in terms 
of the vector and axial- vector two-point functions [7]. Assuming the two Weinberg 
sum rules (WSRs) [12] and taking the results of Eq. (1), one gets Fy — Fj 2 = v 2 
and F 2 My —F^M\ = 0. It is likely that the first of these sum rules is also true in 
gauge theories with non-trivial ultraviolet fixed points. However, the second WSR 
is questionable in some Technicolour scenarios. Therefore, if both WSRs are valid, 
Fy and Fa are determined at LO in terms of the resonance masses and Ma > My. 
At NLO the computed spectral functions should behave also as dictated by this 
pattern. The first WSR provides three constraints. We have also analyzed the impact 
of considering the second WSR, a fourth constraint. 

After imposing the short-distance conditions on the spectral function, one has to 
apply the same constraints to the real part of the correlator: assuming the two WSRs 
it is possible to fix the couplings Fy and F r A up to NLO [6, 10]. 

2. Vector form factor. The two-Goldstone matrix element of the vector current de- 
fines the vector form factor (VFF). Imposing that the VFF vanishes at s — > °°, one 
gets the LO constraint FyGy = v 2 [8]. 

3. Axial form factor. The matrix element of the axial current between one Goldstone 
and one photon is parameterized by the axial form factor (AFF). Requiring the AFF 
to vanish at s ->■ °° implies that F v - 2G V = F A (2k + o) [10]. 

PHENOMENOLOGY 

The global fit to precision electroweak data provides the "experimental" value S = 
0.04 ± 0. 10 [13], normalized to the SM reference point M H = 0. 120 TeV. 

1. LO. Considering the first and the second WSRs Slo becomes Slo = 
4kv 2 M v 2 (1 + M^/M\) [7]. Since the WSRs imply M A > My, the prediction 
turns out to be bounded by Anv 2 /M 2 r < Slo < 87Tv 2 /M^. If only the first WSR 
is considered, and assuming Ma > My, one obtains for S the lower bound 
5 LO = Atz [v 2 /M 2 , +FJ 2 (l/M 2 — I/M4) } > Akv 2 /mI. The resonance masses 
need to be heavy enough to comply with the strong experimental bound, see Fig. 1 . 
The experimental data implies My > 1.5 TeV at the 3c level. 

2. NLO with the 1st and the 2nd WSRs. The four short-distance constraints on the 
two-particle spectral function plus the two NLO (LO) WSRs allow us to determine 
6 parameters, being My the only free parameter. We have found eight sets of consis- 
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FIGURE 1. LO determination of S. The dark gray region assumes the two WSRs, while the 
allowed range gets enlarged to the light-blue region if one only assumes the first WSR and 
Ma > My. The horizontal dashed lines show the experimentally allowed region at 3d. 



tent solutions [6]. The corresponding prediction for Snlo 1S snown m Fig- 2- Note 
that the differences with respect to the LO estimate are not very large. In order to 
obtain a value of S compatible with the experimental band, one needs roughly the 
same range of masses as at tree-level: My > 1.8 TeV at the 3 a level. 
3. NLO with only the 1st WSR. Without the second WSR we can no-longer de- 
termine Fy and F£. Therefore, we can only derive lower bounds on S [6]. Without 
imposing the second WSR and assuming Ma > My we have found one reliable solu- 
tion, being My and the mass ratio Ma/ My unfixed. Fig. 2 shows the predicted lower 
bounds on S for various mass ratios [6]. Note that again one needs My > 1.8 TeV 
to reach compatibility with the "experimental" data at the 3a level. 



CONCLUSIONS 

We have presented a one-loop calculation of the oblique S parameter within Higgsless 
models of EWSB and have analyzed the phenomenological implications of the available 
electroweak precision data [6]. Strongly-coupled models of EWSB are characterized 
by the presence of massive resonance states. We have considered the lightest vector and 
axial- vector resonances. Our calculation takes advantage of the dispersive representation 
of S [7] and the low-energy couplings are determined through short-distance conditions. 

We have found that the S parameter requires a high resonance mass scale, My > 
1.8 TeV, in most strongly-coupled scenarios of EWSB. It has been suggested recently 
that if these resonances exist, they should have masses above 1 TeV [14]. 
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FIGURE 2. NLO determination of S imposing the two WSRs (left) and lower bound on S 
imposing the first WSR plus the VFF and AFF constraints. The dash-dotted curves provide the 
LO bounds, the horizontal dashed (dotted) lines show the experimentally allowed region at 1<T 
(3a) and the red horizontal line is the experimental central value. For more details see Ref. [6]. 
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